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4) METHOD FOR RECORDING TOTAL INTER REFLECTION HOLOGRAM 

7)Abstract: 

JRPOSE: To provide a method capable of recording a total internal 
flection hologram with high exposure uniformity over a wide range. 
ONSTITUTION: An input laser beam 24 is divided into an object beam 15 
id a reference beam 16 (a). These beams 15, 16 are advanced to a 
>lographic recoding layer 8, so that the beam 1 5 is made incident upon 
te surface of the layer 8 after passing an object mask 1 1 , the beam 1 6 is 
tally inter-reflected after passing the layer 8 and made incident upon the 
her surface of the layer 8 at an incident angle upon the layer 8 and both 
e beams 15, 16 are superposed to each other in the layer 8 (b). The 
dth of at least one of the beams 15, 16 is expanded or reduced so that 
e superposed state is held when these beams 15,16 cross the layer 8 
). Then the beam 24 is moved so that the beams 1 5, 1 6 cross the layer 8 
). 
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NOTICES * 

pan Patent Office is not responsibl for any 
mages caused by the use of this translation. 

rhis document has been translated by computer. So the translation may not reflect the original precisely. 
5 *** shows the word which can not be translated, 
n the drawings, any words are not translated. 



AIMS 



laim(s)] 

laim 1] (a) Divide an input laser beam into a body beam and a reference beam.; 

i A body beam and a reference beam are advanced in a holographic record layer, by this, after a body beam passes a 
dy mask, carry out incidence of it to the 1 surface of a holographic record layer, a reference beam is the angle which 
internal reflection is carried out and goes into a holographic record layer after passing a holographic record layer, 
rry out incidence to other surfaces of a holographic record layer, and pile up a body beam and a reference beam in a 
lographic record layer. ; 

At least one side of a body beam and a reference beam is widened or compressed by one direction so that a body 
am and a reference beam hold the condition of piling up when these beams crossed a holographic record layer.; 
i How to record all internal reflection holograms on a hologram record layer to which an input laser beam is moved so 
it a body beam and a reference beam may cross a holographic record layer. 

laim 2] A method of claim 1 that arranging an optical path of a body beam and a reference beam is included so that 
ative displacement of a body beam, a body beam in a holographic record layer produced by angle migration or a 
rallel displacement of an input beam at a production process which advances a reference beam, and a reference beam 
Ly become min in a holographic record layer. 

laim 3] A method including a production process to which a gap of a body mask and a location with which a body 
am and a reference beam lap is measured and adjusted so that a gap of a body mask and a location with which a body 
am and a reference beam lap may be held uniformly [ in case a body beam and a reference beam cross a holographic 
:ord layer ] of claim 1 . 
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iTAILED DESCRIPTION 



etailed Description of the Invention] 
301] 

idustrial Application] This invention relates to the field of an outline and all internal reflection holography. Especially 

s related with all internal reflection holography that is used for micro lithography. 

302] 

escription of the Prior Art] Conventionally, all internal reflection (TIR:total internal reflection) holograms are made 
>m a broad laser beam which is illustrated to drawing 1 (bibliographies 1-6). By one, the body beam 1 advances 
xmgh the mask transparent body 2 in the holographic record layer 3 on the substrate 4 which touches the big prism 5 
tically among these. On the other hand, a reference beam 6 advances through another field of prism 5, and total 
lection is carried out on the surface of the holographic layer 3. Optical interference of these two beams is recorded on 
s sensitive material of a holographic layer. Once it is established, a hologram will be reproduced by illuminating it by 
5 original reference beam 6 and the laser beam which advances to hard flow. 

D03] A TIR hologram covers a big geometrical field, and an image can be recorded or it can be reproduced. When a 
rrent sensitization polymer record material is used, a TIR hologram shows the remarkable potentia to the 
otolithography of high resolution. 

304] For example, I hear that the brightness of the reproduced image covers those fields and needs that it is 
mogeneity (preferably **2% or more) very much, and one of the problems faced like [ in the case of corresponding to 
cro electronics industry ] in case TIR holography is applied to a photolithography has it. In order for the conventional 
dinology to attain this, in case a hologram is recorded, it is desirable to have the homogeneity in which the broad laser 
am was excellent on the wave face. Though regrettable, since the light of a laser beam changes automatically, it is 
fficult to attain this. That is, many beams are carrying out density distribution of a gauss, and it is because it is darker 
in a center section in those both ends. 

005] The location of a uniform light can be obtained in a record layer by expanding a beam beyond necessity and 
ing only the center section theoretically. However, equalizing a beam, in order to attain this method is sacrificing light 
lich can be used despite a join office. In order to attain **2% of homogeneity, laser energy is slight or it can use only 

but if the exposure time increases exceeding practicality , it has estimated. 
006] While setting on the surface, recording a hologram with orderly effective heterogeneity (for example, Gaussian 
stribution) and making a playback beam scan in a hologram field subsequently to under a print, the homogeneity of 
int exposure can be attained by compensating the above-mentioned heterogeneity by changing beam density or scan 
eed during a scan. 

007] However, since it was the product of compromise of both low hologram effectiveness and low laser power, for 
int time amount becoming long, having been low effectiveness as a result inevitably, and applying to much industry, it 
is not desirable. Moreover, the assumption of gauss density distribution is also too much simplification. 
008] Moreover, both the above-mentioned methods of raising homogeneity need the low aberration collimation lens 
r mirror) operated by UV (generally 364mm), in order to generate a body beam and a reference beam. For example, 
is will become the least desirable for the hologram of a major diameter (for example, 8", 12", 20") for manufacturing a 
de range flat tabular display. 

009] Another problem faced in case an extensive field TIR hologram is manufactured to microlithographic application 
related to the depth of focus of a reconstruction image. In order for a TIR hologram to print an image on a silicon 
ifer correctly, the wafer surface needs to be correctly arranged to a projection image. If the wafer surface shifts also in 
slight distance before and after an image, the focus of the image printed does not suit. Generally, if the feature portion 
an image is 0.5 micrometers or less in magnitude, the wafer surface must be arranged in the precision of **0.2 
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icrometers or less. In order to make this easy, it is desirable that all the feature portions in a playback image are put on 
5 same distance from the surface of a hologram. When the conventional technology is used, it is required that the body 
ask under record and the gap of a holographic layer should be the same (to **0.1 micrometers or less) in those fields, 
jwever, it is difficult to obtain a sufficiently flat body mask and a sufficiently flat record layer, and during hologram 
sord, since it is difficult to support so that they may be held evenly, required parallelism becomes what cannot be 
rformed. 

010] It is most important to take the high sensitivity nature on hologram formation into consideration to mechanical 
stability (and others), when solving the above problem. Since it is record of an optical interference pattern, a hologram 
11 be well formed, if substantially fixed in respect of the arbitration on a recording surface while exposing the relative 
pology of an interference object and a reference beam. In order to quantify this, as for relative topology, it is desirable 
at it is 2/10 from constant value. When the relative length with the optical path of a reference beam [ as opposed to the 
int of a body and the arbitration on a holographic layer in this ] means that it must not change to 30nm or more during 
sord actuation and this condition is broken, an interference pattern will be flushed and a hologram will disappear. 
Oil] 

ummary of the Invention] The purpose of this invention is offering the method which all internal reflection 
lograms 1 cover a large field, and can record with the homogeneity of advanced exposure. 

012] The record method is provided with all internal reflection holograms including the following methods on the 1st 
le of this invention, (a) Divide input laser into a body beam and a reference beam, and turn the; (b) above-mentioned 
o beams to a holographic record layer. After a body beam passes a body mask, incidence of it is carried out to the 
lole surface of a holographic record layer. After a reference beam passes a holographic record layer, incidence of it is 
rried out to the field of another side of a holographic record layer with the angle from which all internal reflection of 
is beam is carried out, and it returns to a holographic record layer. The above-mentioned body beam and a reference 
am pile up in a holographic record layer, and an input laser beam is moved so that;(c) body beam and a reference 
am may cross a holographic record layer, so that it may be held at the condition of having aligned when a beam 
Dssed a holographic record layer. 

013] The method concerning this invention is useful especially in order to cover a record layer and to obtain uniform 
posure. In this case, an input beam is moved with scanner equipment so that the above-mentioned layer may be 
eferably crossed by the raster pattern. 

014] This method may be used in order to introduce uneven exposure into a record layer intentionally especially in 
change, and to it, the density of an input laser beam or either of the actuation of a scanner is moderately changed 
rough a scanning course in this case. 

015] The method may be used in order to expose alternatively the part or two or more portions of a mask and a 
lographic layer, and it can exchange masks between the exposure sections. 

016] In order according to the method to obtain a fixed gap so that focusing of the image printed during hologram 
ayback can be carried out correctly, the gap of the objective transparent body and a record layer regarding the place 
n be measured and adjusted using the technology indicated by patent application EP-A -0421645 by these people. 
017] Thereby, especially another advantage that scans a configuration beam can raise the quality of a playback image 
' the ability of the considerable dissolution of the problem of the laser speckle (spot of laser) formed of the optical 
uipment which carries out the collimation of the large area, or a beam hole to be carried out. 

018] According to the above method that mechanical scanning is performed before division of a beam, the instability 
oduced on a laser wave face by the irregularity in actuation of scanner equipment is common in both the body beam 
d the reference beam. Therefore, those relative topology in a record layer can be substantially kept constant. 
019] At the TIR holography indicated with the conventional technology, incidence of the body beam is mostly carried 
it to a right angle at a holographic layer, and incidence of the reference beam is carried out at about 45 degrees, 
lerefore, if only a mirror is used for turning a body beam and a reference beam to a record layer, while a reference 
am will illuminate the field of a 2 times as big record layer as the field occupied by the body beam, rather than a body 
am, 2X will be and a record layer will be scanned at speed. Consequently, the hologram exposure on a record layer 
anges. The lap of the beam needed at the step (b) of an above-mentioned method (the beam has lapped also during a 
an.) (i) in order to compress a beam at the incidence plane of the reference beam in a holographic layer In order to 
den a beam at the incidence plane of the reference beam in; which uses an optical element into the path of a reference 
am, or (ii) holographic layer, it can obtain proper by either of what an optical element is prepared for into the path of a 
dy beam. 

020] The relative topology of an interference beam is stabilized according to the beam array in a step (b). The relative 
pology of a beam is sensitive to angle change of the scanning beam produced with the inclination (the shake of right 
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d left, a shake [ before and after ], and rolling) of for example, scanner equipment. The sensitivity to the inclination of 
:canner decreases remarkably by arranging between the piled-up beams correctly. 

321] Another production process which arranges the path of a body beam and a reference beam may be added to the 
ove-mentioned method so that it may be made min in all the portions of a holographic layer, taking into consideration 

2 irregular train of the beam in the record medium produced by migration of a body beam and a reference beam which 
curs from migration of an input beam. The sensitivity of the optical interference pattern recorded on a hologram to the 
egularity in migration of scanner equipment by this method can be weakened. 

322] According to the 2nd side of this invention, the equipment which records all internal reflection holograms is 
Tered. This equipment turns to a holographic record layer the means;(b) body beam and reference beam which divide 
\ input laser beam into a body beam and a reference beam. By that cause After a body beam passes a body mask, 
sidence of it is carried out to the surface of a holographic record layer. A reference beam Incidence is carried out to 

3 surface of a holographic record layer at the angle which all internal reflection is carried out and returns to a 
lographic record layer after passing a holographic record layer. A body beam and a reference beam It has the means 
which an input laser beam is moved so that the means;(c) body beam and reference beam which are piled up in a 
lographic record layer may cross a holographic record layer so that it may align, in case these beams cross a 
lographic record layer. 

323] When a body beam reaches a holographic layer with an incident angle smaller than a reference beam, in a thing 
order to compress a beam into the 2nd feature portion (b) in this invention by (i) refraction or diffraction in an one 
•ection In order to prepare prism, cylindrical-lens equipment, or a diffraction grating in the path of a reference beam or 
widen a beam to an one direction by (ii) refraction or diffraction, ** which prepares prism, cylindrical-lens 
uipment, or a diffraction grating in the path of a body beam is desirable. 

324] According to the feature (b), in order to weaken the sensitivity of an optical interference pattern to the 
egularity in migration of scanner equipment, a beam can be piled up correctly (it mainly depends for the accuracy on 
3 magnitude of the inclination which exists in scanner equipment.). 

025] As for the feature (b), it is desirable to prepare for the secondary purpose of establishing the path of a body beam 
d a reference beam, and the irregular train of the body beam which happens by migration of input beam **, and the 
am in the record layer generated from angle migration of a reference beam becomes min in consideration of all the 
rtions of a record layer. In this way, the sensitivity of each phase of the body beam in which it interferes, and a 
ference beam falls to angle change of the beam produced with the mechanical inclination of scanner equipment. 
026] As all the portions of the reproduced image are in the same distance from a holographic layer, when scanning is 
rformed, the objective transparent body, a means to measure the gap of all the portions of a holographic layer on those 
;lds, and a gap adjustment means to hold uniformly the gap of the location where exposure is performed during the 
an of a beam are established. 
027] 

xample] With reference to an accompanying drawing, an example explains this invention to details. In the equipment 
drawin g 2 , the holographic plate 7 which has the thin (generally 20 micrometers) layer of the holographic record 
iterial extended on the size lOcmx 10cm glass substrate contacts optically the shorter side of the glass prism 10 which 
s the angle of 45 degrees, 45 degrees, and 90 degrees, and is prepared in it. A suitable holographic record material is 
anufactured by Dupont de Nemours& Co., and it is one of the holographic photopolymers which are identified by 
^S-352, and this has sensitivity in UV and records an optical interference pattern as change of a refractive index. 
Dtical contact of the holographic plate 7 to prism 10 is performed using the xylene which is the transparent liquid 
lich has low volatility and has a refractive index near it of glass. 

028] Above the record layer 8, this is approached and the body mask 1 1 which has the feature portion 12 etched into 
s chromium layer 13 of the glass plate 14 surface is arranged. The mask is arranged on the piezoelectricity converter 
ot shown), and, thereby, can arrange a mask in parallel with the location of a predetermined distance from a record 
yer. 

029] The coherent laser beam 15, i.e., a body beam, and a reference beam 16 illuminate this system to two each other, 
lese two operate on the wavelength of 364nm, and they are drawn from Ar ion laser 1 7 containing the etalon which 
ves high temporal coherence to a beam. The output 18 of laser passes the beam expander 19 which transforms this into 
3 collimation beam 20 which has the Gaussian distribution of the diameter (the density location of 1 / e2 defines) of 
m. Incidence of the beam 20 is carried out to the mechanical scanner equipment 21 which has the mirror 22 prepared 
two stages 23 which moves in parallel with a Y-axis and the Z-axis (only stage migration of an one direction is 
ustrated all over drawing.), respectively, and by which computer control was carried out. The above-mentioned stage 
>erates so that the raster scan of the input beam 24 left in parallel may be carried out to the X-axis through the big 
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uxi slitting machine 25 from the system. Density of the light unified in a holographic layer by setting to 5mm 
unely, 1/4 of a beam diameter) a step size, i.e., the migration length which scanning actuation followed, can be made 

0 homogeneity. The speed v of each scanning migration is determined from energy density E required as follows to 
Dose a hologram. 

>30] 

juation 1] 
E x s 

)31] Here, it is the step size of the migration which, as for P, the power of the input beam 24 followed, and, as for S, 
: scan followed. Therefore, if required exposure energy density is 20 mT/cm2, the power in an input beam is lOOmW, 
tep size is 5mm and required scan speed is lOcm/s. 

)32] Scanning actuation of the beam in a holographic layer may be produced by rotation actuation of a machine 
inner. 

)33] Carried by the beam slitting machine 25, it is reflected by the mirror 26, and the portion of the beam which forms 
: body beam 1 5 reaches the body mask 1 1 with a right-angled incident angle, and illuminates the record layer 8. It is 
lected by the beam slitting machine 25, and it is reflected by the mirror 27 and incidence of the portion of the beam 
ich forms a reference beam 16 is carried out to the whole surface of the auxiliary glass prism 28 at a right angle. The 
im refracted by the auxiliary prism 28 passes through the slant face of the prism 10 which supports the holographic 
te 7, and reaches the holographic layer 8 with the angle of 45 degrees, and all internal reflection is carried out on the 
per surface of a layer 8 on it. 

K34] Although incidence of the body beam 1 5 and the reference beam 16 is carried out to the holographic layer 8 with 
ompletely different angle, a drawing shows that they illuminate the same field. Moreover, if the input beam 24 
sses the beam slitting machine 25 and is scanned, the body beam 15 and a reference beam 16 will cross a layer 8 at 
same speed. This is based on the auxiliary prism which has the function which compresses a reference beam 16 by 
plane of incidence of the reference beam in a layer 8, in order to amend the beam projection cross section in a layer 
aenerally, the incident angle of the body beam 15 and a reference beam 16 is penetrated from thetao, thetar, then the 
uired compression coefficient c 128, i.e., auxiliary prism, respectively, and the ratio of the width of face W2 and Wl 
the light by which incidence is carried out there is given by the degree type. 
135] 

juation 2] 

Wa cos 6 r 

Wi c o s 6 o 

>36] Since a compression coefficient C is produced, the angle phi required between two fields of the auxiliary prism 

turned as shown in drawingJ2 is calculated from a degree type. 

>37] 

juation 3] 

1 n 2 (f> — 



1-C 2 



n 2 -c* 

>38] Here, n is the refractive index of an auxiliary prism material. Therefore, in the thing of a specific configuration 
etao=0 degree and thetar=45 degree), a required compression coefficient is 0.707. Then, the angle phi required 
ween 1.5, then two fields of the auxiliary prism 28 is 32 degrees about the refractive index of a prism material. 
>39] Making the same the path of the body beam in the holographic layer 8 and a reference beam can be instead 
lined by forming the auxiliary prism 28 into the path of a body beam, in order to extend the body beam 15. 
40] It is arranged in order that the path of the body beam 1 5 and a reference beam 1 6 may weaken the sensitivity of 
optical interference pattern recorded on the holographic layer to the inclination (a shake [ before and after ], rolling, 
shake of right and left) of scanner equipment 2 1 . 

>41] The body beam 15 and a reference beam 16 need to align correctly at a single tier first in the holographic layer 8. 
hough it depends for the precision which arranges a beam in right above [ 1 ] on the degree of the inclination which 
sts in scanner equipment 21, if the inclinations of a scanner are O.lmR(s), beams 15 and 16 will align at l/2mm or 
s. This can be attained by adjusting the location and direction of an optical element on the path of a body beam and a 
erence beam until it puts knife edge into the input beam 24 in front of the beam slitting machine 25 and its projection 
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mife edge in a body beam and a reference beam corresponds at the plane of a record layer. The shadow in UV beam 
i borrow and observe the assistance of a fluorescent screen. 

42] Next, what should be taken into consideration is making into min the mismatch of the beam in a holographic 
er produced by angle migration of the input beam 24 with the inclination of scanner equipment. In this minimization, 
jle migration of the input beam in two planes (XY and XZ) should be taken into consideration, and all the portions of 
holographic layer 8 should be taken into consideration to it. If drawin g 3 which gave the sign to the length of each 
lion of a body beam and a reference beam is referred to, the sensitivity of the optical interference pattern to the 
lination of a scanner will be kept low if arranged at the following relation. 
43] 

juation4] 

+ 62 = ri + ri + 14 + -3-Li + ^JLl 

n 2 2n 

44] Here, n is the refractive index of glass. If a beam path satisfies the above-mentioned conditions, it can admit to 
inclination of scanner equipment considerably about record of a hologram. Although the sensitivity of the 
srference pattern to the inclination of a scanner can be weakened by forming the auxiliary prism 28 in the path of a 
iy beam near the mask 11, approach-ization of a mask 1 1 and the holographic plate 7 may have to be sacrificed. It is 
;ause the conditions about each optical path of the body beam and reference beam for making sensitivity to the 
lination of the input beam in ** and XY plane into min and the correspondence conditions about XZ plane are 
lilar. 

)45] After laser beams 15 and 16 end those scans, the holographic plate 7 is removed from prism 10, and it is fixed to 
holographic layer 8. In order that hologram effectiveness may make the time lag between exposure and fixing the 
ne about each portion of a holographic layer to these holographic materials depending on the time lag between 
lographic exposure and fixing, it is carried out proper by putting a plate into a fixing process gradually. When 
ablished with un-coherent UV light, UV light source, a capacitor, and the collimation optical equipment that has a 
lographic aligner are combined, and it can attain by correcting scanning equipment so that an un-coherent UV beam 
y scan the holographic layer of the beam back for hologram creation. Then, a hologram is reproducible. 
)46] Bibliography : (1) KStetson"Holography with Totally Internally ReflectedLight(holography using all internal 
lection)" Applied Physics Letters, vol.1 1, p.225(1967) (2) I.N.Ross, G.M.Daivis, D. Klemitz, "High Resolution 
►lographic ImageProjection at Visible and Ultraviolet Wavelengths (high resolution holographic image projection on 
ible wavelength and ultraviolet wavelength)", Applied Optics, vol.27, p.967(1988).(3) R.Dandliker, J. Brook, 
olographic Photolithography for Submicron VLST Structures (holographic photolithography [ overly as opposed to 
nute VLSI structure ])", IEEE Conf.Proc.Holographic Systems, Components and Applications, Bath, U. K. and p.31 1 
>89).(4) S.Gary, M.Hamid, "Holographic Microlithograpy for Flat Panel Displays (holographic micro lithography for 
playing on a flat board)", SID 91 Digest pp.854-857(1991).(5) B.A.Omar, F. clube, M.Hamid, D.Struchen, S.Gary, 
dvances in Holographic Lithography (advance of holographic lithography)", Solid State Technology, pp.89-93, 
ptl991.(6) F.Clubs, S. Gary, M.Hamid, B.Omar, D.Struchen, J-C Tisserand, "Holographic Mask-Aligner 
>lographic mask alignment)", SPITE Optical/Laser Microlithography V, vol.1674 pp.783-792 (1992) 
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official Gazette Type] Printing of amendment by convention of 2 of Article 17 of patent law 
. section partition] The 2nd partition of the 6th section 
he date of issue] August 31, Heisei 13 (2001. 8.31) 

ublication No.] JP,6-308872,A 

•ate of Publication] November 4, Heisei 6 (1994. 1 1 .4) 
ear copy format] Open patent official report 6-3089 
iling Number] Japanese Patent Application No. 5-25701 8 
he 7th edition of International Patent Classification] 

3H 1/04 
6K 7/12 

3H 1/04 

6K 7/12 B 

rocedure revision] 

iling Date] October 1 1 , Heisei 1 2 (2000. 10.11) 

rocedure amendment 1] 

ocument to be Amended] Specification 

em(s) to be Amended] Claim 

lethod of Amendment] Modification 

roposed Amendment] 

laim(s)] 

laim 1] (a) Divide an input laser beam into a body beam and a reference beam.; 

) A body beam and a reference beam are advanced in a holographic record layer, by this, after a body beam passes a 
dy mask, carry out incidence of it to the 1 surface of a holographic record layer, a reference beam is the angle which 
internal reflection is carried out and goes into a holographic record layer after passing a holographic record layer, 
try out incidence to other surfaces of a holographic record layer, and pile up a body beam and a reference beam in a 
lographic record layer.; 

> At least one side of a body beam and a reference beam is widened or compressed by one direction so that a body 
am and a reference beam hold the condition of piling up when these beams crossed a holographic record layer.; 
I How to record all internal reflection holograms on a hologram record layer to which an input laser beam is moved so 
it a body beam and a reference beam may cross a holographic record layer. 

laim 2] A method of claim 1 that arranging an optical path of a body beam and a reference beam is included so that 
ative displacement of a body beam, a body beam in a holographic record layer produced by angle migration or a 
rallel displacement of an input beam at a production process which advances a reference beam, and a reference beam 
ly become min in a holographic record layer. 

laim 3] A method including a production process to which a gap of a body mask and a location with which a body 
am and a reference beam lap is measured and adjusted so that a gap of a body mask and a location with which a body 
am and a reference beam lap may be held uniformly [ in case a body beam and a reference beam cross a holographic 
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;ord layer ] of claim 1 . 

laim 4] An input laser beam is the method of claim 1 moved by scanner equipment so that this beam may cross and 
ny'out the raster scan of the holographic record layer. 
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